whether BRG1/hBRM is required for Rb to inhibit E2F-1 are not growth arrested by Rb despite the fact that hypophosphorylated Rb accumulates in the cells (Westtranscriptional activity or whether hBRM has a more general function that merely augments Rb activity in ern blots not shown) to a level sufficient to block the transcriptional activity of E2F ( Figures 1A-1D ). Furtherthese assays.
Taken together, the above studies provide evidence more, the cells were not growth suppressed by a form of interplay between BRG1 (and thus hSWI/SNF) and of Rb in which cdk phosphorylation sites are mutated Rb. However, the significance of hSWI/SNF to normal (Rb⌬cdk; Leng et al., 1997), such that the protein cannot Rb function remains unclear. Here, we provide evidence be inactivated by hyperphosphorylation (Figures 1B-that Rb can form a repressor complex with hSWI/SNF 1D). However, it is of note that Rb⌬cdk was expressed and HDAC and a second complex with only hSWI/SNF. at a somewhat lower level than wild-type Rb in these These complexes appear to serve as distinct checktransfection assays (data not shown). The inhibition of points in G1 and S phase, where we suggest that they E2F by Rb in these Rb-resistant cells is at least as effifunction to order the expression of cyclins and cdks cient as in Saos-2 cells (osteosarcoma), where expresduring the cell cycle.
sion of Rb does lead to G1 arrest ( Figure 1A ). And, even though U2OS cells express BRG1, we found that expression of BRG1 along with Rb in these cells based on the crystal structure of the Rb pocket bound also led to growth arrest ( Figure 1D ). As a control, coex-E2F-1 (which also contain E2F sites) were not ( Figure  4A with Rb may also be disrupted during G1 by cyclin examined later following transfection in BrdU labeling D/cdk4 phosphorylation of Rb. experiments (6 days) or in colony formation assays (3 Therefore, we asked whether phosphorylation of Rb weeks), we found that the cells coexpressing BRG1 and by cyclin D/cdk4 would lead to disruption of BRG1 bindRb had now growth arrested (Figures 1B-1D ; data not ing (as occurs with HDAC). We expressed cyclin D to shown). Therefore, we conclude that the cells that accuactivate endogenous cdk4, and we found that in conmulated in S phase at 36 hr following transfection eventrast to HDAC, cyclin D/cdk4 did not disrupt binding tually growth arrest by 6 day. of BRG1 to Rb (Figures 5B and 5C ). However, BRG1 did not bind to the more slowly migrating hyperphosphory-HDAC Activity Is Required for Rb-hSWI/SNF lated form of Rb. This hyperphosphorylated form of Rb to Repress Cyclin E but Not Cyclin A requires phosphorylation by cyclin E/cdk2 (Lundberg When Rb and BRG1 were coexpressed in C33a cells and Weinberg, 1998), suggesting that the Rb-BRG1 (which appear deficient in Rb-HDAC activity), we found complex is likely disrupted by cyclin E/cdk2 phosphorythat expression of S phase genes such as cyclin A and lation. Our results suggest that, while cyclin D/cdk4 cdc2, which contain E2F sites in their promoters, were phosphorylation disrupts Rb-HDAC association, the Rb-BRG1 interaction is unaffected. This would allow the repressed, but G1 genes such as cyclin E, myb, and 
This would ensure that cyclin A is not expressed until after cyclin E.
To test this concept, we expressed cyclin E to activate endogenous cdk2 and found that this was sufficient to whether cyclin E/cdk2 was disrupting Rb-hSWI/SNF function by phosphorylation of Rb or BRG1. overcome both the transcriptional repression and the growth suppression resulting from coexpression of Rb To address this, we replaced wild-type Rb in the experiments with Rb⌬cdk, which cannot be inactivated by and BRG1 (Figure 1B; data not shown) ) is required for a complete block of cyclin E/cdk2 activity and G1 arrest (see above). We the Rb-hSWI/SNF complex by phosphorylation of Rb.
suggest that this same mechanism can explain the S phase arrest observed in the p16 Figures 7A and 7F ). and SW13, it displaces p21 waf1/cip1 and p27 kip1 from cyclin This appears to be due to the fact that coexpression of D/cdk4, which in turn frees them to inhibit cyclin E/cdk2. BRG1 and p16 ink4a leads to G1 arrest. Because the ability of p16 ink4a to arrest cells in G1 is dependent upon Rb, these results suggest that the combination of both Rb-mediated repression of the cyclin Discussion E gene and this redistribution of p21 waf1/cip1 and p27 kip1 to cyclin E/cdk2 are required for complete inactivation of
We present results here that Rb forms two distinct repressor complexes that act at different points during the cyclin E/cdk2 and arrest of cells in G1.
Therefore, we hypothesized that in the absence of cell cycle. There appears to be an intricate arrangement between these repressor complexes and the cyclins and p16 ink4a (where p21 waf1/cip1 and p27 kip1 are sequestered by cyclin D/cdk4) cyclin E/cdk2 activity may increase to cdks that regulate cell cycle progression. We present After cyclin E accumulates and cyclin E/cdk2 becomes active, it appears to block Rb-hSWI/SNF activity at least model, it has been demonstrated that APC remains active following mitosis, and this activity persists through
